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METHOD OF REFINEMENT OF MICROSTRUCTURE 
OF METALLIC MATERIALS 

Description of the Invention 

This Invention relates to a method for refining a 
microstructure of metallic materials. More 
particularly, the present invention relates to a method 
of refinement of microstructure of metallic materials 
characterized in that allows microstructure of metallic 
materials to be refined irrespective of the type of 
metal or refining agent, wherein high-energy vibration 
force such as electromagnetic vibrating force, 
ultrasonic vibrating force r or the like is applied 
directly to molten metallic materials. The present 
invention also relates to a method for refining solid 
metal particles by the above-described method to move 
them to a prescribed location. 

Background of the invention 

Methods for refining microstructure of metallic 
materials are broadly classified into two types such 
that methods in which refining agents are added to 



molten metallic materials to refine the microstructure 
of the metallic materials solidified, and methods in 
which the solid metallic materials are subjected to 
forming processes and heat treatments to refine the 
microstructure thereof. 

Specifically, in the first group of the methods, 
refining agents act as nuclei for the solid metal 
crystal particles to be formed during solidification , 
yielding a refined microstructure that corresponds to 
the dispersion state of the refining agents, whereas in 
the second group of the methods, microstructures refined 
are obtained by recrystallization of the metals 
generated by heat treatments that follow forming 
processes such as rolling, extrusion, or the like- 
in the methods of the first group, however, a close 
crystal lographic relationship achieved between the 
refining agent and the solid -crystal particles is 
required in order to allow the refining agent to be 
effective, and it is impossible to obtain adequate 
refining agents for some types of metals. 

In addition, the refined structure smaller than the 
particle size of the refining agent cannot be made. 

In the methods of the second group, it is difficult 
to yield adequate refining because forming processes 
such as rolling, extrusion and the like are limited in 
their effects, and exceeding these limits causes 
fracture of the metal, and there is a tendency to cause 



metals recrystallized as well as metal particles 
enlarged as a result of the heat treatment that follows 
forming. I 

An urgent need therefore existed for developing a 
novel method for refining microstructure of metallic 
materials that would be able to solve the above- 
described problems of the conventional methods . 

An objective of the present invention is to 
overcome these subjects. 

j 

Abstract of the Invention j 

| 

The present invention provides a method for 
refining microstructure" of metallic materials. j 

The present invention relates to a method which 
comprises forming cavitation (cavities) in molten metal 
by the application of high-energy vibrating force to a 
metal in the process of solidification, and crushing the 
newly formed solid crystal particles by the impact 
pressure generated during the collapse of the cavities j 
to refine the microstructure of the material. High- 
energy electromagnetic vibrating force is applied to a 
solidifying metal sample 10 by the simultaneous 
imposition of an electric current and a magnetic- field 
in an apparatus comprising ah electromagnet 12 for 
applying a stationary magnetic field and an electrode 11 
for passing an alternating current through the metal | 
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sample , so that the solid crystal particles are crushed 
into small pieces, yielding a fine microstructure 
thereof. 

Detailed Description of the Invention 

Specifically, an objective of the present invention 
is to provide a novel method for refining 
microstructure of metallic materials that capable of 
refining the microstructure thereof irrespective of the 
type or composition of the metallic materials* 

Another objective of the present invention is to 
provide a method for refining microstructure of metallic 
materials that facilitates refining even for metals 
that have been difficult to refine in the past. 

Still another objective of the present invention is 
to provide a method for refining microstructure of 
metallic materials to move it to a prescribed location. 

The following technological means are employed in 
the present invention, which is aimed at overcoming the 
aforementioned subjects. 

{1) A. method for refining microstructure of metallic 
materials, characterized in that comprises forming 
cavitation (cavities) in molten metal by the direct 
application of high-energy vibrating force such as 
electromagnetic vibrating force, ultrasonic vibrating 
force to the molten metal, crushing the resulting solid 
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metal crystal particles into small pieces by the impact 
pressure generated during the collapse of the cavities, 
and yielding a refined microstructure thereof. 

( 2 ) The method for refining microstructure of 
metallic materials according to (1) above, wherein the 
high-energy vibrating force is applied during the 
solidification of said metal. 

(3) The method for refining microstructure of 
metallic materials according to (1) or [2) above, 
wherein the high-energy vibrating force is applied to a 
metal in the process of solidification by the 
simultaneous imposition of an electric current and a 
magnetic field to said molten metal or solidifying 
metal . 

(4) A method for refining microstructure of metallic 
materials, characterized in that comprises forming 
cavitation (cavities) in molten metal by the direct 
application of high-energy vibrating force such as 
electromagnetic vibrating force, ultrasonic vibrating 
force to the molten metal, crushing solid particles of 
other metals, intermetallic compounds, or the like 
dispersed in the molten metal as well as the solid 
metal formed during solidif ication into small pieces by 
the impact pressure generated during the collapse of the 
cavities, and yielding refined microstructure thereof, 

(5) A method for refining microstructure of metallic 
materials, characterized in that comprises forming 
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cavitation (cavities) in molten metal by the direct 
application of high-energy vibrating force such as 
electromagnetic vibrating force, ultrasonic vibrating 
force to the molten metal, crushing the solid 
particulate ceramics or other nojraetals dispersed in 
the molten metal as well as the solid metal formed 
during solidification into small pieces by the impact 
pressure generated during the collapse of the cavities, 
and yielding refined microstructure thereof. 

(6) a method for refining solid metal particles 
formed during solidification to move them to a 
prescribed location by the simultaneous imposition of 
an electric current and a magnetic field on the molten 
metal in the process of final solidification. 

< 7 ) The method according to ( 6 ) above , wherein the 
solid metal particles formed during solidification are 
refined to shift them to a periphery of a tube by the 
simultaneous imposition of an electric current and a 
magnetic field on the molten metal in the process of 
final solidification. 

(8) The method according to (6) above, wherein the 
solid particles of other metals, intermetallic 
compounds, or the like dispersed in molten metal as well 
as solid metal particles formed during solidification 
are refined to shift them to a periphery of a tube by 
the simultaneous imposition of an electric current and 
a magnetic field on the molten metal in the process of 
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final solidification. 

(9) The method according to (6) above, wherein the 
solid particulate ceramics or other nonmetals dispersed 
in molten metal as well as solid metal particles formed 
during solidification are refined to shift them to a 
periphery of a tube by the simultaneous imposition of an 
electric current. and a magnetic field on the molten 
metal in the process of final solidification. 

(10) The method according to {€) above, wherein the 
solid particles dispersed in molten metal are refined to 
move them to a location separated from the location of 
the initial dispersed state by the simultaneous 
imposition of an electric current and a magnetic field - 

The present invention will now be described in 
detail. 

The invention of this application is characterized 
in that the mic restructure of metallic materials is 
refined by the direct application of high-energy 
vibrating force to them- In this case, it is important 
that electric current and magnetic field be 
simultaneously applied as the high-energy vibrating 
force, whereas applying the electric current or 
magnetic field alone has no significant effect on the 
fine micros tructure of metallic materials. The reason 
is that the electromagnetic vibrating force is a Lorentz 
force that can only be generated when an electric 
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current and a magnetic field are applied 
simultaneously. 

Electromagnetic vibrating force and ultrasonic 
vibrating force are exemplified as specific examples of 
high-energy vibrating force, but these examples are not 
all— encompassing and include all other types of force 
capable of exerting high-energy vibrating force on 
molten metal in the same manner. 

The high-energy vibrating force is applied to 
molten metal r in which case it is preferable for the 
high-energy vibrating force to be applied to solidifying 
metal. 

As used herein, the term "molten metal" refers to a 
metal that is completely liquefied which kept at a 
temperature above its melting point. In addition, the 
terra "solidifying metal" refers to a liquid metal 
containing solid metal crystals that form at a 
temperature below the melting point. 

The present invention can be adequately applied, 
for example, to aluminum alloys such as Al-Si alloys or 
magnesium alloys, but a distinctive feature of the 
present invention is that it allows any refining agent 
or metal to be used, and that, in particular, there is 
no dependence on the type or composition of metal. 

When high-energy vibrating force is applied to a 
solidifying metal in accordance with the above-described 
method, the microstructure thereof is refined by 
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forming cavitation (cavities) in the molten metal and 
allowing the impact pressure generated during the 
collapse of the cavities to crush the resulting solid 
metal crystal particles into small pieces. 

Because cavitation is induced while some of the 
metal is still in the molten state, not only the newly 
formed solid metal crystals but also the already 
existing solid metal particles are crushed by the 
application of high-energy vibrating force until the 
molten metal has completely solidified, making it 
possible to obtain a refined microstructure thereof. 

A solidified microstructure of metallic materials 
can therefore be refined as well. 

The high-energy vibrating force should be applied 
during (in the process of) solidification. It is 
difficult to form cavitation (cavities) when high- 
energy vibrating force is applied to metallic materials 
after solidification thereof, and therefore there is a 
possibility that the solid metal crystal particles will 
not be crushed. 

In addition, in this invention, even metals that 
are difficult to refine by conventional methods can be 
readily refined because the refining effect of this 
invention by the high-energy vibrating force does not 
depend on the type or composition of the metal . 

Silicon crystals as initially crystallized 
particles in a hypereutectic aluminum-silicon alloy, 



can, for example, be refined to a crystal particle 
diameter of 0.5-3.0 # m by the method for refining 
microstructure of metallic materials through 
application of high-energy vibrating force in accordance 
with the present invention. 

The present invention also allows solid particles 
of other metals, intermetallic compounds, or the like, 
as well as solid particulate ceramics or other nonmetals 
dispersed in molten metal to be crushed in the same 
manner as the solid metal formed during solidification. 

The method of the present invention allows, for 
example, 20- to 3 0-# m silicon carbide particles 
dispersed in an aluminum alloy to be refined to a size 
of 0.1-2-0 fi m. 

Another feature of the present invention is that 
the solid metal particles formed during solidification 
can be refined to move them to a prescribed location by 
the simultaneous application of electric current and 
magnetic field to the molten metal in the process of 
final solidification thereof. Specifically, the solid 
metal formed during solidification can be refined to 
shift it to the periphery of a cylindrical tube or 
container disposed such that the axial direction of the 
cylinder is orthogonal to the magnetic field; solid 
particles of other metals, intermetallic compounds, or 
the like, as well as solid particulate ceramics or 
other nonmetals dispersed in molten metal can be shifted 
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in the same manner as the solid metal formed during 
solidification to the periphery of a cylindrical tube 
or container disposed in the sane manner as the solid 
metal; and the aforementioned solid particles can be 
refined to move them to a separate location the inside 
tube or container from the location of the initial 
dispersed state. Another specific feature is that the 
shifting locations can be concentrated in the end 
portion of a sample by moving the sample within the 
magnetic field. 

Brief Description of the Drawings 

Fig. 1 is a schematic view illustrating an example 
of an apparatus suitable for implementing the present 
invention. 

Description of marks 

10 metal sample 

11 electrode 

12 electromagnetic coil 

Examples 

The present invention will now be described in 
detail through examples thereof, but the present 
invention is not limited by these examples. 

Pig. 1 shows an example of the apparatus for 



-11- 



implementing the present invention. In tile drawing t 10 
is a metal sample, 11 is an electrode disposed in 
contact therewith, and 12" is an electromagnetic coil 
disposed such that it envelops the metal sample. 

When an alternating current of about 8 0 A is, passed 
through the metal sample via the electrode, the metal 
sample is melted by joule heat generated, and the 
temperature of the metal sample reaches a prescribed 
temperature. The temperature of the molten metal sample 
is then lowered and solidification of the metal sample 
is started by reducing the electric current. An 
electromagnetic vibrating force based on the 
alternating current and a. stationary magnetic field is 
created by the application of a stationary magnetic 
field of 1.4 T (Tesla) through the intermediary of the 
electromagnet 12, and at this time the molten metal 
sample is vibrated by the vibrations. As a result, 
cavities are formed in the metal sample, and the 
solidified metal crystals are crushed by the cavitation 
phenomenon . 

The above-described apparatus was used to impose 
electromagnetic vibrating force upon a solidifying alloy 
in the form of a hyper eutectic Al-17% Si alloy. The 
results are shown in Table 1. As shown in Table 1, it 
was found that the silicon particles initially 
crystallized were crushed into small pieces. 
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Table 1 







Crystal grain' 
diameter ( ^ m) 


Example of present 
invention 


Introduction of 
high vibrational 
energy 


0.5 - 3 


Conventional 
example 


Use of refining 
agents 


30-50 



(Examples of the inventions defined in Claims 4-5) 
The above-described apparatus was used to apply 
electromagnetic vibrating force to a solidifying 
aluminum alloy and to solidifying ainc in order to 
refine silicon carbide particles dispersed in the 
aluminum alloy and to refine Fe 8 P compound particles 
dispersed in the zinc. The results are shown in Table 
2. It was found that the dispersed silicon carbide 
particles and Fe 8 P compound particles were crushed into 
small pieces. 



Table 2 





Diameter of 
Fe 3 P particles 
in zinc ( & m) 


Diameter of 
SiC particles 
in aluminum 
alloy ( fi m) 


Example of present 
invention 


10-1 


2 - 0.1 


Conventional 
dispersant 


50 - 100 


20 - 30 



(Examples of the inventions defined in Claims 6-10) 



Electromagnetic vibrating force was applied to an 
Al-17% Si alloy in the process of final solidification 
in order to refine the alloy. As a result, the refined 
silicon particles as initially crystallized in a 
uniformly dispersed sample could be moved to the 
surface of the surrounding walls of a cylindrical tube. 

In addition, an alloy obtained by dispersing Fe 3 P 
particles in zinc, and an alloy obtained by dispersing 
SiC particles in an aluminum alloy could also be moved 
to the surface of the surrounding walls of the 
cylindrical tube in the same manner as in the case of 
the Al-17% Si alloy. 

Examples of the present invention have been 
described in detail above, but these examples merely 
serve as an illustration, and the same effect can be 
achieved for other metals, alloys, intermetallic 
compounds, semimetals , nonmetals, and the like. The 
present invention allows embodiments incorporating 
various changes based on the knowledge possessed by 
those skilled in the art to be implemented as long as 
these changes remain within the scope of the present 
invention. 

The present invention relates to a method for 
refining microstructure of metallic materials 
characterized in that comprises forming cavitation 
(cavities) in molten metal by the direct application of 
high-energy vibrating force such as electromagnetic 
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vibrating force, ultrasonic vibrating force to the 
molten metal, and crushing the resulting solid metal 
crystal particles into small pieces by the impact 
pressure generated during the collapse of the cavities, 
and yielding a refined mlcrostructure of the metal. The 
present invention allows microstructure of metallic 
materials to be readily refined to the level of fine : 
particles without the use of refining agents and without 
any relation to the type or composition of the metal. 
It is also possible to refine solid particles of other 
metals, intermetallic compounds, or the like dispersed 
in the molten metal. It is further possible to shift 
solid metal particles and solid particles dispersed in 
molten metal toward the periphery of a tube or 
container . 
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Claims 



1- A method for refining microstructure of metallic 
materials, characterized in that comprises forming 
cavitation (cavities) in molten metal by the direct 
application of high-energy vibrating force such as 
electromagnetic vibrating force, ultrasonic vibrating 
force to the molten metal, crushing the resulting solid, 
metal crystal particles into small pieces by the impact 
pressure generated during the collapse of the cavities, 
and yielding a refined microstructure thereof. 

2. The method for refining microstructure of 
metallic materials according to Claim 1, wherein the . 
high-energy vibrating force is applied during the 
solidification of said metal, 

3 . The method for refining microstructure of 
metallic materials according to Claim 1 or 2, wherein 
the high-energy vibrating force is applied to a metal in 
the process of solidification by the simultaneous 
imposition of an electric current and a magnetic field 
to said molten metal or solidifying metal . 

4. A method for refining microstructure of metallic 
materials, characterized in that comprises forming 
cavitation (cavities) in molten metal by the direct 
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application of high-energy vibrating force such as 
electromagnetic vibrating force, ultrasonic vibrating 
force to the molten metal, crushing solid particles of 
other metals, intermetallic compounds, or the like 
dispersed in the molten metal as well as the solid 
metal formed during solidification into small pieces by 
the impact pressure generated during the collapse of the 
cavities, and yielding refined microstructure thereof. 

5, A method for refining microstructure of metallic 
materials, characterized in that comprises forming 
cavitation (cavities) in molten metal by the direct 
application of high-energy vibrating force such as 
electromagnetic vibrating force, ultrasonic vibrating ; 
force to the molten metal, crushing the solid 
particulate ceramics or other nonmetals dispersed in 
the molten metal as well as the solid metal formed 
during solidification into. small pieces by the impact 
pressure generated during the collapse of the cavities, 
and yielding refined microstructure thereof. 

6. a method for refining solid metal particles 
formed during solidification to move them to a 
prescribed location by the simultaneous imposition of 
an electric current and a magnetic field on the molten 
metal in the process of final solidification. 
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7. The method according to Claim 6, wherein the ; 
solid metal particles formed during solidification are 
refined to shift them to a periphery of a tube by the 
simultaneous imposition of an electric current and a 
magnetic field on the molten metal in the process of 
final solidification. 

8. The method according to Claim 6, wherein the 
solid particles of other metals , intermetallic 
compounds, or the like dispersed in molten metal as well 
as solid metal particles formed during solidification 
are refined to shift them to a periphery of a tube by 
the simultaneous imposition of an electric current and 

a magnetic field on the molten metal in the process of 
final solidification. 

9. The method according to Claim 6, wherein the 
solid particulate ceramics or other nonmetals dispersed 
in molten metal as well as solid metal particles formed 
during solidification are refined to shift them to a 
periphery of a tube by the simultaneous imposition of an 
electric current and a magnetic field on the molten 
metal in the process of final solidification. 

10. The method according to Claim 6, wherein the 
solid particles dispersed in molten metal are refined: to 
move them to a location separated from the location of 
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the initial dispersed state by the simultaneous 
imposition of an electric current and a magnetic fiel; 
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Abstract 



The present invention provides a method for 
refining microstructure of metallic materials and the 
present invention relates to a method in which 
cavitation (cavities) is formed in molten metal by the 
application of high-energy vibrating force to a metal in 
the process of solidification, and the newly formed 
solid crystal particles are crushed hy the impact 
pressure generated during the collapse of the cavities 
to refine the microstructure of the material , and high- 
energy electromagnetic vibrating force is applied to a 
solidifying metal sample 10 by the simultaneous 
imposition of an electric current and a magnetic field 
in an apparatus comprising an electromagnet 12 for 
applying a stationary magnetic field and an electrode 11 
for passing an alternating current through the metal 
sample, so that the solid crystal particles are crushed 
into small pieces , yielding a fine microstructure 
thereof. 
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Fig. 1 
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f#SI±, £fc&f^Atyfa : £RXJ : && : &* ! 3&y}&<DZi:} C^oannected therewith: (M name and i&^sba^ hurxOiB^ . 

Norman F. Obion. FtegistraBon Number 24.518; Marvin J. Spivak, FSegstraliart Number 24,913; C. Inrin McCteBand. Ftegtefcation Number El .124; Gregory J. 
Ma»r, Regfetrafion Number 25,599: Arthur J. Neusfadt, Registration Number 24354; Richard D. Kelly, fisgisiratton Number 27.757; James D. Hamilton, 
Registration Number 28.421; Eckhard R Kuestars, Regtsha&m timber 26LS7Q; Robert T. Poms; Regtstralkin Number 29,099; ChartesU Gholz, Registration 
Number 26,395; Vincent J. Sundenfidt. RagfehaSon Number 29.004: William E. Beaumont Regfehafion Number 30.996; Steven B. Kelber. Regislralbrt 
Number 30,073; Robert F. Gnuse, Ragistrafion Number 27295: Jean-Paul Larafleye. Hegtsaation Number 31.451; Stephen G. Baxter. Registration Number 
32,884; Martin M. Zoffick. Ragtsfrafion Nomber 35,745; Robert W. Hart Regfetrafion Number 33.893; Richard L_ Traanor. Registration Number 36.379; Steven 
P. Weawuch, Regfetrafion Number 22£29; John T. Goottcasian, Registration Number 26.142; Marc FL Labgold, Registration Number 34,651; William J. 
Heafey, RegfeJrafion Number 36,160; Rjchard U Chmn. Registraik>n Number 34,305; Steven E_ Lipman. Registration Number 30i011; Cart E. SgnHer. 
Registration Number 34.426; James J- Kidbeski. Regfefcsikxi Number 34,64% Catherine B. FUehanjson. RegcstraGon Number 39.007; Ricnard A. Neifetd. 
Regfetrafion Number35^99; sikI J. D 



msmttft Send Correspondence to: 

OBU0M, SPfVAK. MCCLELLAND, MAIER a NEUSTADT. P C. 
FOURTH FLOOR 
1755 ja=FERSON DAVIS HIGHWAY 
ARLINGTON. VIRGINIA 22202 USA 







Direct Telephone Cafis to; {name and telephone; number) 
(703)413-3000 ; 










mm 


. Fiffl name of sole or first inventor 
Keaji MIWA 






mm<&g% nJ ~* si * en 


Inventor's signature j Date 






t£f?f 


Residence 

JAPAN 






mm 


Crfizertstiip 

JAPAN 






m&<r>&& T465-0065 B^HSftl^ 

&-£m-fi%M&mmu 2 t§ 1 0 3 


Post Office Address 2-1030, Umemo rizaka, 
Meito-ku, Nagoya-shi, Aiclii 






0 muk 


465-0065 JAPAN 






mm ml^ 


Full name of second joint Inventor, if any 
Toshiyulu NISHIO 








Second Inventor's signature >». ^ iDate 

— =■ 








Residence 

JAPAN • 






mm 

B 


Citizenship 

JAPAN 






Sf£<osSfc T465-009T B^MfcUl 


Post cmre Address 1-70-1-501, Heiwagaoka. 

Met tin-kit. Naenva-shi. Ainhi 
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(SLrppr^irri^WrrrlMAJid signature for third and subsequent 
jr^ inventors.) 

of 4- 



8/97 



Japanese Language Declaration 



^7 is 4 TUt'if 


Foil name of-thi«fJc5int inventor, if any 

Alireza KA1JJA1 




Third Invanfai's^jgnature Date 




jap& , ; 


SSI j- - •> 

*( -V > 


— «P IRAN 


Sffitf>5Z5fe x 170-6028 B*I1bI5 


Pest Office Address c / 0 fl ew Energy and Industrial 

Tprhtinlngy Upvp 1 npmiPn t flrgan i 7_a.t i nn 




Sunshine 60, 1-1. 3-chome Hiigashi- 

TlfPhnViirA Tnohi"« 3 -V.. T^Vun 1 T7fl~Rn"9S 






FuiriWhle'of fourth joint inventor, if any 


□fl- 


Fourth inventor's signature 


Date 


am 


Residence 






Citizenship 






Post Office Address 














Full name of fifth joint inventor, if any 




Fifth Invontor's signature riate 


am 


Residence 




Citizenship 




Post Office Address 








Sixth Inventor's signature 


Date 




Full name of sixth joint inventor, if any 




Residence 




Citizenship 




Post Office Address 
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Form PTOFB-265 (8-83) 



(Supply simitar information and signature for third and sub- 
sequent joint inventors.) 



Patent 8nd Trademark Office-US DEPARTMENT OF COMMERCE 



